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POWER CONTROL AND AUTOMATIC REPEAT REQUEST (ARQ) IN A 
RADIO COMMUNICATIONS SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to radio communication systems, and 
more particularly, to power control and automatic repeat request (ARQ) in a radio 
communications system. 

BACKGROUND 

[0002] In cellular mobile radio communication systems, it is beneficial to 
reduce the transmitter powers of all transmitting mobile radios to the lowest 
possible level that still allows one or more radio base stations to receive the 
transmitted signals over noisy radio channels at an acceptable level. For example, 
Code Division Multiple Access (CDMA) systems employ such mobile transmit 
power level adjustments. None of the mobile terminals may transmit at a higher 
level than required to fulfill communication quality demands. 
[0003] Uplink power control includes an inner loop and an outer loop. An 
important factor for power control is reliable communication quality measurement, 
i.e., measuring the quality of the radio communications channel over which the 
mobile is transmitting. Current systems use, for example, signal-to-interference 
ratio (SIR) or signal-to-noise ratio to (SNR) to measure channel quality. The inner 
power control (PC) loop tries to keep the SNR measured for the uplink channel at oi 
close to some target SNR level. The SNR detected for the uplink information is 
compared with the target, and the mobile is sent power control commands to 
increase or decrease transmit power to reduce the comparison difference. The outer 
power controller loop tries to ensure that the errors in the data units received from 
the mobile radio are at or below an acceptable level. For example, block error rate 
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(BLER) is used in many CDMA systems. The outer PC loop adjusts the inner loop 
SNR target level based on the uplink channel BLER. If the error rate is too high, 
the SNR target is increased, and if the error rate is too low, the SNR target is 
decreased. 

[0004] The outer PC loop, uplink transmit power control mechanism is 
normally placed in a radio network controller due to soft handovers where multiple 
receiving nodes, e.g., base stations, are simultaneously involved in receiving data 
transmitted by a mobile radio. The inner PC loop is normally placed closer to the 
mobile radio, e.g., in the base station. As explained below, recent proposals for 
third generation cellular systems (3G) introducing an uplink retransmission protocol 
closer to the radio interface complicate the quality measurement information 
transfer, and therefore, negatively impact power control techniques based on those 
measurements. 

[0005] This problem is explained using Figure 1 which shows a radio 

network 10 and a soft handover where two different radio base stations 20a and 20b 
receive uplink data units from the same transmitting mobile terminal 12. Two 
decoders 22a and 22b in the two base stations 20a and 20b decode the received data 
units. The decoded data units are delivered to a diversity combining unit 16 located 
in the radio network controller 14 to choose or generate from the two sets of data 
units a single stream of data units. The diversity combining is based on channel 
quality measurement data provided by the base stations 20a and 20b. In wideband 
CDMA (WCDMA), the measurement data includes cyclic redundancy checksum 
indicators (CRCIs) and quality estimates (QEs). 

[0006] In general, the CRCI indicates the correctness/incorrectness of a data 
unit, and the QE represents the channel bit error rate (BER). More specifically, the 
CRCI indicates with very high reliability whether the data unit is erroneous. So a 
CRCI has only two possible values: the data unit is accurate or the data unit is not 
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accurate. Because there is no ambiguity, the CRCI is an important input for the 
outer loop power controller 18 and for the diversity combining unit 16 which are 
both located in the RNC 14. If the diversity combining scheme receives two data 
units, where one data unit is indicated to be inaccurate and the other one is indicated 
to be accurate, then the combining scheme delivers the error-free data unit to higher 
layers and discards the erroneous one. The QE is a real number metric proportional 
to the experienced channel quality, and it can be used as a relative quality measure 
between two or more copies of the same data unit. Two data units may have the 
same CRCI but different QE values. In that case, the diversity-combining unit 
chooses the data unit with the highest QE, i.e., the data unit with the largest number 
of correct bits. This kind of diversity selection is useful for applications that can 
make use of "partly" erroneous/correct blocks, such as vocoders. 
[0007] During soft handover, the mobile radio transmitter receives power 
control commands from two independent inner loop power controllers 24a and 24b. 
Recall that a main objective of the outer power control loop in WCDMA is to adjust 
the inner power control loop SNR target value so that the estimated block error rate 
(BLER) agrees with a target BLER value. The outer PC loop increases SNR if the 
BLER for the communication is too high and decreases the SNR if the BLER is too 
low. The outer loop power controller 18, located in the radio network controller, 
assigns the same SNR target for different (independent) inner loop power 
controllers 24a and 24b used during soft handover. The outer power control loop is 
driven by processed measurement data provided by the diversity combining unit 16. 
[0008] A robust error control/correction scheme can be useful in reducing 
transmitter power levels, and one attractive error control technique is the class of 
automatic repeat request (ARQ) protocols that can guarantee reliable information 
transfer over extremely noisy radio channels. In ARQ, the receiver sends 
retransmission requests of erroneous data units, including missing data units, to the 
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transmitter. Like outer loop power control functionality, ARQ functionality is 
normally placed in the radio network controller. 

SUMMARY OF THE INVENTION 

[0009] In order to make more efficient use of retransmissions, ARQ-based 

error correction schemes have been proposed to be located (or are actually located) 
closer to the radio interface, e.g., in the radio base station. In such configurations, 
erroneous data units are discarded and retransmitted. As a result, the diversity 
combining unit and the outer power control loop in the radio network controller 
never know about erroneous or missing data units, retransmissions, etc. Lacking 
this kind of data unit error information, the outer loop power controller 1 8 
mistakenly assumes that the radio communication channel is better than it really is, 
and mistakenly lowers the SNR target value. This misinformed action results in 
even more transmission errors, lower communication quality, and decreased 
throughput because of increased data unit retransmissions. 

[0010] These problems are avoided by informing a node or entity in charge 

of outer loop power control about data unit error information, requested 
retransmissions, and/or data unit transmission attempts. A first radio network entity 
sends a transmission power control signal to the mobile radio to control a power 
level at which the mobile radio transmits data units over the communications 
channel based on a target value. That first entity detects one or more errors in one 
or more data units received from the mobile radio and requests retransmission of 
one or more data units. Information associated with the error(s) and/or requested 
retransmission is provided to a second radio network entity which generates a 
revised target value based on the error or retransmission information. 
[0011] The target value may be increased if the received information reveals 

an increase in errors and/or requested retransmissions or decreased if the received 
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information reveals a decrease in errors and/or requested retransmissions. An 
increased target value causes the first radio network entity to send one or more 
increase transmission power control signals to the mobile radio. A decreased target 
value causes the first radio network entity to send one or more decrease 
transmission power control signals to the mobile radio. 

[0012] When the first radio network entity detects a missing or erroneous 

data unit, the first entity sends a negative acknowledgement to the mobile radio, and 
in one example embodiment, an error event indicator to the second radio network 
entity. The second radio network entity uses one or more error event indicators in 
determining whether or when to adjust the target value. In one example, the second 
radio network entity determines a transmission attempt failure rate estimate for the 
communication using one or more error event indicators and generates the revised 
target value to reduce a difference between the actual transmission attempt failure 
rate estimate and a desired transmission attempt failure rate. The second entity 
preferably ensures that error event indicators received from plural first entities for 
the same data unit are only interpreted as one error event indicator. 
[0013] In an alternative example embodiment, the first entity sends a bit map 

associated with the communication indicating a number of decoding failures for one 
or more received data units to the second radio network entity. Given the size of a 
bit map, it may be advantageous to process the bit map to reduce the amount of 
information before it is sent to the second radio network entity. The processed 
information may also include statistical information provided by the mobile radio or 
the first radio network entity. 

[0014] By informing a node or an entity in charge of outer loop power 

control about erroneously received data units from a mobile radio, requested 
retransmissions, and/or data unit transmission attempts, the outer loop power 
controller has a more accurate assessment of the radio communication channel 
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quality. As a result, the outer loop power controller more accurately establishes an 
appropriate signal-to-noise ratio target value (or other target value) for use by the 
inner loop power controller entity. This results in better communication quality, 
increased throughput because of decreased data unit retransmission, and appropriate 
(neither too much nor too little) radio resource allocation to a particular 
communication to achieve acceptable or other desired quality of service objectives. 
In addition, ARQ protocol functionahty can be located much closer to the radio 
interface without negatively impacting outer loop power control. The increased 
accuracy of the outer loop can reduce mobile transmitter power and cell interference 
as well as prolong mobile battery lifetime. 

[0015] In an alternative example embodiment, the SNR target obtained from 

the outer loop power controller is adjusted or replaced directly in each base station 
involved in the soft handover. This SNR target adjustment is preferably based on a 
combined data unit decoding generated using the decoding results from each soft 
handover base station to avoid base station "drift." Target SNR drift would result in 
the mobile terminal power being adjusted relative to the poorest radio link rather 
than that of the best radio link, and ultimately, excessive mobile power. The soft 
handover base stations may be preferably informed of the combined base station 
decoding for each data unit using a "new data indicator" (NDI) signal from the 
mobile radio. This NDI may be signaled with each data unit to inform each soft 
handover base station whether the data unit is a retransmission of a previously- 
transmitted data unit or a first-transmission of a new data unit. The SNR target is 
then adjusted in each base station based on the decoding outcome in combination 
with the new data indicators from the mobile terminal. For example, if a decoding 
attempt in a first handover base station fails and the new data indicator for the next 
transmission still indicates a new data unit, this means that a second handover base 
station succeeded in decoding the data unit. The first handover base station 
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concludes that the handover transmission was successful. If the rate of receiving 
new data indicators reveals a retransmission rate larger than desirable, each soft 
handover base station may increase its SNR target, but if the retransmission rate is 
too low, each soft handover base station may decrease its the SNR target to save 
power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 illustrates radio communications system described in the 

background section; 

[0017] Figure 2 illustrates an example radio communications system for 

power and error control; 

[0018] Figure 3 is a flow chart diagram illustrating procedures for use in the 

system described in Figure 2 describing one example way in which information 
associated with requested retransmissions is provided to a second radio network 
entity that provides target value information to a mobile radio power control entity; 
[0019] Figure 4 illustrates an example 3G radio network implementation 

including a radio network controller node and plural radio base station nodes; 
[0020] Figure 5 illustrates another example 3G radio network implementation 

including a radio network controller node and plural radio base station nodes; 
[0021] Figure 6 illustrates an example implementation including radio relay 

nodes; 

[0022] Figure 7 illustrates an example implementation including an 
aggregation point for performing diversity combining functionality functions and a 
radio relay node; and 

[0023] Figure 8 illustrates an other example implementation including that 

includes an aggregation point and multiple radio relay nodes. 
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DETAILED DESCRIPTION 

[0024] The following descriptions set forth specific details, such as particular 
embodiments, procedures, techniques, etc., for purposes of explanation and not 
limitation. However, it will be apparent to one skilled in the art that other 
embodiments may be employed to depart from these specific details. For example, 
although the following description is facilitated using an example application to 3G 
wideband CDMA (WCDMA), the invention is applicable to other cellular systems 
and standards including any 2VS*G, 3G, or 4G system. 

[0025] In some instances, detailed descriptions of well-known methods, 
interfaces, devices, and signaling techniques are omitted so as not to obscure the 
description with unnecessary detail. Moreover, individual function blocks are 
shown in some of the figures. Those skilled in the art will appreciate that the 
functions may be implemented using individual hardware circuits, using software 
programs and data in conjunction with a suitably programmed digital 
microprocessor or general purpose computer, using an application specific 
integrated circuit (ASIC), and/or using one or more digital signal processors 
(DSPs). 

[0026] For purposes of this description, an erroneous data unit includes a data 

unit that has one or more errors or a missing data unit, i.e., a data unit that was 
transmitted by the mobile radio but not received by the radio network receiving 
entity . A radio network node defines a structure that is physically distinct and 
separate from the structure of another node. An entity may correspond to a network 
node or to software or hardware (or both) functionality contained within a node. 
Although different entities may be located in different nodes, different entities may 
also be located in the same node. For purposes of this description, automatic repeat 
request (ARQ) encompasses any retransmission, error correction, or error control 
protocol. 
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[0027] Reference is now made to the radio communications system shown in 
function block format in Figure 2. A radio network 10 is coupled to one or more 
other networks and to one or more mobile radios. Only one mobile radio 12 is 
shown to simplify the illustration and explanation. Mobile radio 12 is currently 
shown in a soft handover communication with the radio network in which one 
branch or leg of the soft handover communication is supported with a first node or 
entity 30a and the other branch of the soft handover communication is supported by 
another first node or entity 30b. The mobile radio 12 transmits data units in the 
uplink direction which are received by both first nodes or entities 30a and 30b. 
Each first node or entity 30a and 30b includes an inner loop power controller 34a 
and 34b, respectively, which transmits power control commands, e.g., an 
incremental power increase or decrease command, in the downlink direction to the 
mobile radio 12. The inner loop power controllers 34a and 34b detect the signal-to- 
noise ratio (SNR) (or other signal quality measure like signal-to-interference ratio 
(SIR)) of the uplink radio channel communication from the mobile radio 12. That 
detected SNR value is compared to an SNR target level received from an outer loop 
power controller 38 located in a second radio network node or entity 36. While 
SNR or SIR targets may be used, other channel quality measurements may be used 
to set the target or threshold level. Although there may be variations in 
implementation details, each inner loop power controller 34 generally sends a 
power increase command if the detected SNR is below the target SNR and a power 
decrease command if the detected SNR exceeds the target SNR level. Preferably, 
the mobile radio 12 only increases its transmit power if the power control 
commands from both first nodes or entities 30a and 30b send increase power 
control commands. 

[0028] As explained earlier, the outer loop power controller 38 tries to ensure 
that the errors in data units received from the mobile radio are at or below an 
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acceptable level. For purposes of this example only, transmission attempt failure 
rate is used to explain one, non-limiting way to measure such data unit errors. The 
outer loop power controller 38 adjusts the inner PC loop SNR target level based on 
a determined uplink channel block error rate. If that block rate error rate is too 
high, the outer loop power controller 38 increases the SNR target, and if that error 
rate is too low, the SNR target is decreased. 

[0029] The first node or entities 30a and 30b, in addition to performing inner 

loop power control and passing correct or corrected data units to the second node or 
entity 36, each include an ARQ controller 32a and 32b, respectively. Each ARQ 
controller 32a and 32b detects one or more errors in received data units from the 
mobile radio and either corrects those errors or requests retransmission. The inner 
loop power controllers 34a and 34b provide measurement information to the second 
node or entity 36 that may be used in performing certain operations such as 
diversity combining. The ARQ controllers 32a and 32b also provide ARQ 
information to the second node or entity in which outer loop power control is 
performed. In this example the outer loop power controller 38 is located in a 
second node 36 separate from the first nodes 30 a, and 30b. In alternative 
embodiments, the first and second entities may be in the same node. The ARQ 
information ensures that the outer loop power controller 38 is aware of the 
erroneous data unit detected at the first nodes or entities. In one example, this ARQ 
information may include one or more of the following: specific information about 
specific data unit errors, data unit errors related to "soft-combining" possibly used 
in the decoder, , retransmission information related to requested retransmissions for 
particular data units, and data unit transmission attempt information. The outer loop 
power controller 38 uses this ARQ information in determining a signal quality 
target, e.g., a signal-to-noise ratio target, for the inner loop power controllers 34a 
and 34b. 
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[0030] Reference is made to the flow chart diagram in Figure 3 which 
illustrates certain procedures performed by the nodes or entities in Figure 2. Each 
first radio network entity sends one or more power control signals to a mobile radio 
to control the power at which data units are transmitted by the mobile station to the 
radio network over an uplink communications channel (step SI). Those power 
control commands are based on a comparison of a detected signal quality of the 
uplink communication with a target signal quality value, e.g., SNR. The first entity 
detects errors in one or more data units (or missing data units) and requests 
retransmission (step S2). Information associated with requested retransmission is 
provided to a second radio network entity (step S3). The second entity generates a 
revised target value based on the received information and provides that target value 
to the first radio network entity (step S4). 

[0031] Figure 4 shows an embodiment in the context of a 3G-type CDMA 
radio network. This 3G application is simply one example and not in any way 
limiting. The radio network 10 includes a radio network controller (RNC) 46 
coupled to two radio base stations (RBSs) 40a and 40b. The RNC 46 includes a 
diversity combining controller 48 and an outer loop power controller 50. Each RBS 
40a and 40b includes a corresponding ARQ controller 42a and 42b as well as a 
corresponding inner loop power controller 44a and 44b. The mobile radio 12 is 
shown in a diversity handover communication sending data units to both radio base 
stations in the uplink direction and receiving power control commands and selective 
retransmission requests (as needed) from each radio base station 40a and 40b. 
[0032] Each radio base station provides correct or corrected data units to the 
RNC as well as channel quality measurement information and ARQ information. In 
this example, the channel quality measurement information, which is used by the 
diversity combining controller 48, includes Cyclic Redundancy Checksum 
Indicators (CRCIs) and Quality Estimates (QEs), as described in the background 
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section. The CRCI information and QE information may also be provided to the 
outer loop power controller 50 along with the ARQ information such as data unit 
transmission attempts, retransmissions, and data unit error information. 
[0033] However, if soft combining is employed at the radio base station to 

decode erroneously-received copies of a data unit, then additional information may 
be sent to indicate that soft combining was performed. If soft combining is used, 
then a conventional BLER computation will not reflect the actual BLER. For 
example, if none of the received data units can be decoded alone, the BLER is 
100%. But an error free data unit nevertheless might be obtained by soft combining 
two or more erroneous data units. In this case, the additional soft combining 
information forwarded by the base station may include how frequently the first data 
unit transmission attempt tends to fail, how frequently the second attempt tends 
fails, how frequently the third attempt tends to fail, and so on. In one example, this 
soft combining information could be provided as or used to generate a table about 
the failure rate conditioned on the number of transmission attempts. 
[0034] Ultimately, the target SNR or other target value is determined using 

the ARQ information. Non-limiting examples of providing ARQ information to the 
outer loop power controller 50 are now described. 

[0035] As soon as an error-free transport block data unit (one example of a 

data unit in WCDMA is a transport block) is obtained, each radio base station 40a 
and 40b sends an acknowledgement (ACK) to the mobile radio 12 and forwards the 
data unit to the radio network controller 46. Otherwise, a negative 
acknowledgement (NACK) is sent to the mobile radio 12, and an error-event 
indicator bit is sent to the radio network controller 46. The error-event indicator bit 
is used by the outer loop power controller 50 in order to estimate the number of 
transmission attempt failure rates. 
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[0036] One example way of doing this is now described. For simplicity, the 

example is limited to a situation where the number of transmission attempts is 
limited to two, the mobile may only make one retransmission. Assume a set of data 
units: U={ul, u2, u3, u4,. . . } and a set of time slots or distinct instants of time 
T={tl, t2, t3, t4,. . . } . Assume that the mobile radio makes a data unit transmission 
attempt for each time slot, and each radio base station computes a CRC indicator for 
each attempt. Define a set of indicators I={il, i2, i3, i4,. . . . }, where il is the 
outcome of a CRC computation for the time slot tl, i2 is the outcome of a CRC 
computation for the time slot t2, and so on. Moreover, the outcome il is "1" if the 
CRC computation fails for the time slot tl and "0" otherwise, the outcome i2 is "1" 
if the CRC computation fails for the time slot t2 and "0" otherwise, and so on. 
[0037] The mobile radio 12 starts sending the first data unit ul. Assume that 

the CRC computation in the RBS fails, and therefore, il=L The RBS sends the 
indicator il to the RNC, which means that the initial transmission attempt failed 
with a rate of 100%, i.e., the mobile radio sent one data unit, and it failed. Because 
one data unit estimate is of questionable value; more statistics should be obtained 
before the outer loop power controller 50 computes a new SNR target value for the 
inner loop power controllers 44a and 44b. 

[0038] Next, the mobile radio 12 receives a negative acknowledgment from 

RBS 40a because the data unit ul was not correctly decoded in RBS 40a. For 
simplicity, assume that the base station-to-mobile radio response is immediate, and 
therefore, the mobile radio retransmits ul in the next time slot t2. The RBS 40a 
receives the retransmitted data unit ul in the timeslot t2. Again, a CRC is computed 
generating i2. Assume that the CRC is successful this time, and thus, the RBS 40a 
sends both the decoded data unit ul and the indicator i2 to the RNC 46. The RNC 
knows that the CRC has been computed twice; once for the time slot tl, and once 
for the time slot t2 having received two indicators— il and i2. The indicators il and 
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i2 show that the CRC failed once and succeeded once. The RNC then determines 
the transmission failure rate information that indicates that the first attempt fails 
with a rate of 100% and that the first retransmission "fails" with a rate of 0%, i.e., 
the retransmission was successful. This information is used by the outer loop 
control in order to adjust the SNR target. 

[0039] In a soft handover, error-event indicator bits from several different 
receiving nodes may be combined using one or more logical operations, e.g., an 
AND operation, to ensure that the same error event is not counted more than once. 
For example, we denote the two receiving base stations 40a and 40b as BS1 and 
BS2, respectively. The notation for set I defined above is refined as follows: 

Il={ill, i21, i31, i41,..}, where ill is the outcome of CRC 
computation for the time slot tl at the BS1, i21 is the outcome of CRC computation 
for the time slot t2 at the BS1 , and so on. Similarly, 

12={il2, 122, i32, i42,.. }, where il2 is the outcome of CRC 
computation for the time slot tl at the BS2, i22 is the outcome of CRC computation 
for the time slot t2 at the BS2, and so on. Assume as in the previous example that 
the first transmission attempt fails in both BSs. This means the RNC receives two 
indicators ill and il2 that indicate the outcome for the time slot tl. Further assume 
that after the retransmission, the CRC computation fails in the BS1 but succeeds in 
the BS2 for the data unit ul. Now the RNC receives four indicators il 1, il2, 121, 
and i22. Only one of the indicators equals zero, and the rest equal one. If the 
transmission failure rate is estimated as before, then the first attempt fails with a 
rate of 100% whereas the retransmission fails with a rate of 50%. This is clearly 
wrong. Although one of retransmission attempts failed, the correct value for the 
retransmission failure is 0% because one of the retransmitted data units was 
correctly decoded at one of the soft handover base stations. The correct 
transmission failure rate is obtained by perforating an AND operationbetween error- 
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event indicators received from different base stations that indicates the outcome 
from CRC computation of the same time slot. In this example, the transmission 
failure rate for the initial transmission attempt is 

ill *i21=100% 
and for the retransmission attempts it is 

il2*i22=0%, since il l*i21=l and il2*i22=0. 
[0040] As another example of ARQ information, particularly since decoding 

failure events can be frequent, each base station can send, on regular basis, a bitmap 
that indicates the number of decoding failures for the forwarded transport blocks to 
the radio network controller. Such a bitmap may simply be a list of CRC indicators 
for several consecutive time slots. The bitmap approach may be useful if individual 
indicators are not sent from a base station to the RNC. The BS waits some time 
period (or until it has collected enough data) and then sends the bit map to the RNC, 
which may be a more efficient use of transport network resources. For example, it 
is inefficient to transfer a one bit error-event indicator if the transfer requires 10 
overhead bits. In our example, after waiting two timeslots, BS1 sends a bitmap 
{ill, il2} to the RNC and BS2 sends a bitmap {i21, i22} to the RNC together with 
the successfully received data unit ul. 

[0041] The outer loop power controller 50 uses received bitmaps to computes 

the transmission failure rate. If the outer loop power controller 50 receives bit maps 
from one BS, then the transmission failure rate may be computed as described 
earlier in the first example, i.e., the initial transmission attempt fails with a rate of 
100%. In soft handover, bitmaps from several different receiving nodes are 
combined, and the transmission failure rate is determined as in the second example, 
i.e., the initial transmission attempts fails with a rate of (il 1 *i21)* 100=100% and 
the retransmission "fails" with a rate of (il2*i22)/* 100=0%. This ensures that the 
same transmission attempt failures are not counted more than once. The indicators 
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are numbered to indicate the CRC outcome for certain time slots, and therefore, it is 
possible to avoid the error that was made in the second example, i.e., the value of 
50% failure rate is not used for the retransmission attempt. 
[0042] Because bitmaps can be sometimes very large, it can be useful to 
process bit map information in the base station to reduce the amount of data 
transferred to the RNC. The BS may compute some statistical values from the data 
that represent a transmission attempt failure rate. For example, individual base 
stations estimate and report the failure rates to the RNC. The failure estimate in the 
BS1 is 100% for the initial transmission attempt and 100% for the retransmission. 
Similarly, failure rate estimate in the BS2 is 100% for the initial transmission 
attempt and 0% for the retransmission. Again, caution must be exercised to avoid 
over-estimation of transmission failure rates because some of the error events may 
be counted more than once. For example, assume the RNC receives estimates from 
two base stations, where one base station indicates that the retransmission fails with 
a rate of 100%, whereas the other base station indicates that it fails with a rate of 
0%. Regardless of how the RNC combines these two numbers, the result will be 
greater than 0% unless it omits the first failure value. But the correct value is 0%, 
and thus, the transmission failure rate is overestimated. 

[0043] Decoding error statistics used for transmission attempt failure rate 
estimation can be determined using transmission attempt statistics already available 
at the mobile radio and delivered to the outer loop power controller 50. This 
approach avoids combining and/or over-estimation problems. If both base stations 
respond with a data unit acknowledgement, then the mobile radio transmits the next 
data unit. If one base station sends a data unit acknowledgement, and another base 
station sends a negative acknowledgement, then the mobile radio also transmits the 
next data unit. But if both base stations send a negative acknowledgement, then the 
mobile radio retransmits that data unit. Further, all the base stations involved in the 
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decoding will be informed of a retransmission through the new data indicator, and 
thus, the mobile radio knows how many times the CRC failed. 
[0044] An alternative embodiment in the non-limiting context of a 3G system 
is shown in Figure 5. The outer loop and inner loop power control functions are 
performed in each soft handover base station. The RNC 46 does not perform the 
outer loop power control functions. Here, the SNR target can be adjusted directly in 
the radio base station by an SNR target and outer loop power controller 52a, 52b 
using one or more new data indicators (NDIs) received from the mobile radio in 
combination with ACK/NACK information and/or other decoding information. In 
soft handover, the SNR target is preferably adjusted according to combined error 
events so that the SNR target is increased only if an error rate after diversity 
combining is too high. The SNR target is not adjusted for an individual soft 
handover base station based only on error events detected for the communication 
link between the mobile radio and that base station. 

[0045] The data units transmitted from the mobile terminal 12 are decoded in 
each radio base station communicating with the mobile terminal, and the result of 
each decoding attempt is signaled (ACK/NACK) to the mobile terminal. The 
mobile radio terminal combines the ACK/NACK signals from each base station for 
each data unit sent and retransmits that data unit only if none of the soft handover 
base stations could decode the transmission. In other words, retransmission occurs 
only if each soft handover base station returns a NACK. 

[0046] The mobile terminal informs each soft handover base station of the 
combined decoding outcome, i.e., the decoding results for a data unit from each 
handover base station are combined. This information is conveyed by indicating 
whether each data unit transmitted by the mobile terminal is a retransmission or an 
initial transmission containing new data. Such an indicator from the mobile 
terminal is referred to as a new data indicator (NDI). 
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[0047] The base station SNR controllers 52a and 52b each adjust the target 
SNR based on the data unit decoding outcomes from each handover base station 
and on the new data indicators sent from the mobile terminal to each handover base 
station associated with this data unit. The SNR target for all the soft handover base 
stations is preferably also coordinated through the new data indicator. A non- 
limiting example is now described to show how the base station can adjust the SNR 
target using the NDI. 

[0048] Each soft handover base station monitors the new data indicator for a 

received data unit. Each time the new data indicator indicates a retransmission, the 
SNR target is increased by a step size. This step size may be predefined or may 
depend on a number of failed transmission attempts. Each time the new data 
indicator indicates a successful transmission, the SNR target is decreased by a step 
size such that the resulting error rate converges to the desired value. When the new 
data indicator indicates a successful data unit transmission, each base station SNR 
target controller 52 decreases the SNR target, even though one or more of those 
base stations may have failed to decode the data unit. This unified response to the 
NDI ensures coordinated SNR target setting and prevents SNR target "drift." 
[0049] In another example, each soft handover base station may record 
received NDIs and statistically average or filter the NDIs before adjusting the SNR 
target. The number of failed transmission attempts may be used to weight the error 
events in such an averaging or filtering. For example, if the transmission of the 
same data unit fails several times, this error event can be weighted more heavily. 
[0050] When an NDI is sent over the radio interface, it will likely be 
subjected to corrupting influences. If a base station decodes a data unit but still 
receives an NDI indicating a retransmission for that data unit, then either the NACK 
has been misinterpreted or the NDI is in error. The NDI reliability can be taken into 
account as part of the SNR target adjusting process. For example, if the NDI is 



18 



WO 2004/091114 



PCT/SE2004/000541 



detected as reliable, the NACK was likely misinterpreted, suggesting poor downlink 
signal quality. Poor downlink quality does not necessarily mean the SNR target for 
the uplink signal transmissions needs to be increased. On the other hand, if the NDI 
signal is unreliable, the SNR target could be increased to improve up link signaling 
quality. 

[0051] There are a variety of other configurations and implementations. As 
cellular communication systems evolve, e.g., from 3G to 4G, variations on the 
above are readily accommodated. For example, Figure 6 shows radio relay nodes 
(RRNs) placed between the mobile radio and the based radio base station. There is 
a first radio interface (I/Fi) between the mobile radio and the radio relay nodes and 
a second radio interface (I/F 2 ) between the radio relay nodes and.the radio base 
station. The radio relay nodes may perform data unit decoding, ARQ, inner loop 
power control, and while outer loop power control and diversity combining may be 
performed in the base station. If inner loop power control and ARQ are performed 
in the radio relay nodes, the same problems described above exist. For example, if 
the ARQ entity in the radio relay node discards every data unit that fails, the outer 
loop power controller in the base station can not compute a proper power control 
target because it receives only error-free data blocks and therefore erroneously 
assigns low power control targets. 

[0052] The outer loop power control and/or the diversity combining 
functionality may be placed in the RNC. Indeed, the diversity combining 
functionality may be located in an aggregation point somewhere between the base 
station and radio network controller even though the outer loop power control 
scheme may still be located in the RNC as shown in Figure 6. In some situations, it 
might even be beneficial to move the diversity combining functionality from one 
node to an other while the mobile radio moves while keeping the outer loop power 
control in the same node. Figure 7 shows yet another example configuration in 
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which radio mobile signals can be received by several radio relay nodes which in 
turn may be in soft handover with one or more radio base stations. 
[0053] Figure 7 shows the ARQ and inner loop power control functions 
indicated in radio relay nodes, the macro diversity combining in the aggregation 
point between the base stations and the radio network controller, and the outer loop 
power control functionality in the radio network controller. Although other 
implementations likely exist, the point of showing these example implementations 
is that the basic functionalities described here need not be in a particular node. 
[0054] In summary, the uplink outer loop power control functionality 
productively uses information related to data units errors when a retransmission or 
other error control protocol is introduced between the outer loop power controller 
and the data unit decoder. It is therefore possible to concurrently make use of 
accurate outer loop power control and fast retransmission protocols even though 
their different functionalities are located in different network nodes or entities. 
[0055] While practical and preferred embodiments have been described, it is 
to be understood that the invention is not to be limited to any disclosed 
embodiment, but on the contrary, is intended to cover various modifications and 
equivalent arrangements included within the scope of the appended claims. 
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